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Outline
 Introduction
 Need for high gain
 Gain enhancement methods
• Cross-coupled current mirror
• Regulated current source
 Design methodology for high-gain op-amp
 Simulation Results
 Summary
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Sensors
Healthcare Monitoring
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Sensors
Structural Monitoring
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Sensors
Weather & Agricultural 
Monitoring
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Target Design Specifications
 Gain: >120 dB
 Noise: < 10nV/sqrt(Hz)
 GBW: Configurable 
• high speed
• low speed
 Power Consumption: Low but variable
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The Need for High Gain
for af >> 1
-> desensitization








> 120 dB 
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Gain Enhancement: Options
 Modify first stage 
• Cascode load
• Folded-cascode
• Cross-coupled current mirror
• Regulated current source
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Gain Enhancement: Cross Coupled Load
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Cross Coupled Load: Stability Issues
 If η -> 1, amplifier can become 
unstable
 If η -> 0, no gain improvement
 Critical value of η needs to be 
chosen
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Cross Coupled Load: Stability Issues
 1/ 3σ : max. possible gain 
enhancement
 Susceptible to instability 
due to mismatch
 Very carefully matched 
design required
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Gain Enhancement: Options
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instability
• Regulated current source
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Gain Enhancement: Regulated Current Source
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Gain Enhancement: Regulated Current Source
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Regulated Current Source
Vx tracks Vy
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Regulated Current Source
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Regulated Current Source: Stability issues
+ve-ve
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Instability: A Detour
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Compensation
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Compensation
f’2 >= 3*GBW
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Compensation
f’2 >= 3*GBW
gmII/gmI >= 3* CII/Cc
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Regulated Current Source: Stability issues
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Regulated Current Source: Stability issues
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Regulated Current Source: Stability issues
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Regulated Current Source: Stability issues
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Regulated Current Source: Stability issues
For stability:
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Regulated Current Source: Stability issues
For stability:
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Regulated Current Source: Stability issues
- Stability condition
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Regulated Current Source: Gain
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Gain Enhancement: Options
 Modify first stage
• Cascode: Reduced voltage headroom
• Folded-cascode: Higher power consumption
• Cross-coupled current mirror: Susceptible to 
instability
• Regulated current source: 
• High gain
• High dynamic
• Can be systematically stabilized
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The Op-Amp: Design Methodology
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• Current allocation 
between stages
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The Op-Amp: Layout
Area= 0.16 mm2
Master Project 43A Mangla
Layout Considerations
 Large device sizes
 Minimum distance b/w 
devices
 Symmetrical layout
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Layout: PIP vs. MOSCAP 
MOSCAP
PIP
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Simulation Results: Frequency Response
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Simulation Results: Transient Response
Slew Rate = 4.90 V/us
Settling time = 150 ns
Unity gain feedback
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Simulation Results: Transient Response
Feedback gain = 4
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Simulation Results: CMRR
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Simulation Results: PSRR
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Simulation Results: Low Speed Mode
Power Consumption = 69 uW
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Performance Summary
4.371.95
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Master Project 54A Mangla
Achievements
 Analysis of cross-coupled current mirror load
• Gain
• Stability
 Analysis of regulated current source load 
• Gain 
• Stability
 Unified design methodology for two-stage op-
amp with regulated current source
 Complete op-amp design
